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© Low smoke generating, high char forming, flame resistant thermoplastic multi-block copolyesters. 

© A low smoke generating, high char forming, substantially nondripping flame resistant thermoplastic multi- 
block copolyester wherein the weight ratio of high melting point blocks to low melting point blocks is from about 
8:1 to 1:4. and said copolyester has a melting point below about 175*C. said copolyester composition containing 
a bromine containing flame retardant; antimony trioxide; a drip suppressant for the multi-block copolyester, 25-65 
parts per 100 parts multi-block copolyester of 50-88% alumina trihydrate and 12-50% of a magnesium 
compound selected from the group consisting of magnesium carbonate, magnesium oxide, and particulate 
magnesium hydroxide and, optionally, containing calcium carbonate and, preferably, containing a coupling agent 
having a hydrolyzable* moiety containing titanium, or silicon and an organophilic group, 
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LOW SMOKE GENERATING, HIGH CHAR FORMING, FLAME RESISTANT THERMOPLASTIC MULTI-BLOCK 

COPOLYESTERS 



BACKGROUND OF THE INVENTION 

This application is a continuation-in-part of Application Serial No. 57.564 filed June 15. 1987 which is a 
°1SX~^^ £: S-acceptance in many tie,* .cause of 

S^forlSLnmunfcatlon.. optica, fiber outer jacketing and other apphcations where hre retardant 
m *HunZ™™Z«*e4 organic compounds either alone or in combination with antimony Woxide have 

SS^ILatitlaDy nondripping flame resistant multi-block copolyester compositions have been 

compositions that are substantially nondripping are described in U.S. Patent 4.521.557 to McKenna dated 
Ze 4 1985 and US Patent 4.582.866 to Shain dated April 16. 1986. both patents ass.gned to E. I. du 
Pont de Nemours and Company These flame resistant copolyester compositions referred- to above are 
LJe ^S^^t^Z^ on optica, fibers and wire since they are substantially nondnpping when 
^^S^LSt^ resistant nondripping multi-block copolyester compositions when burned 
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when burned, polyester composition is especially useful lor 

coveZ buTe el »~ ™<* *• 

n"cTbe as" low s mo k e g ene,a«„g a* « g h ^'-^Il a 

addition of relatively small amounts of char-forming addifves. and can do so w*ou '*™™"S ™ 

^ to .Z^Z™ **** P r °P erties of * e composition of this invent,on , co " pl,ng a9entSt 

when ^^Ze^ecte^ substantially increased the tensile strength of the composes.. 
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SUMMARY OF THE INVENTION 

The present invention provides a low smoke generating, high char forming, substantially nondripping, 
flame resistant thermoplastic copolyester composition which comprises 

(a) a multi-block copolyester, or blends thereof, of film forming molecular weight consisting essen- 
tiaJly of (A) repeating high melting point blocks comprising repeating short chain ester units having the 
formula 

O O 
0 0 C R C 

wherein 0 is a divalent radical remaining after the removal of hydroxyl groups from a molecular weight diol 
having a molecular weight not greater than 250 and R is a divalent radical remaining after the removal of 
carboxyl groups from a dicarboxylic acid having a molecular weight not greater than 300. D and R being 
selected so that a polymer consisting essentially of short chain ester units having a number average 
molecular weight of at least 5000 has a melting point of at least ISO C. (B) repeating low melting point 
blocks which are derived from compounds containing hydroxyl groups or carboxyl groups or mixtures 
thereof having a number average molecular weight of 400-4000 and a melting point not greater than about 
100*C and (C) an amount of Afunctional radicals sufficient to join repeating blocks (A) and (B) to form a 
multi-block copolyester, the weight ratio of (A) to (B) being from about 8:1 to 1:4. preferably from about 5:1 
to 1-2 said multi-block copolyester having a melting point below about 175 C. preferably 130-170 C. 

'(b) about 5-45 parts per 100 parts of said multi-block copolyester of a bromine containing organic 
flame retardant containing at least 50% by weight bromine, 

(c) about 0.20-1.5 parts per part of said bromine containing organic flame retardant of antimony 

trioxide, 

(d) a drip suppressant for the multi-block copolyester. and 

(e) from about 25-65 parts per hundred parts multi-block copolyesters of inorganic compounds 
comprising 50-88 percent alumina trihydrate and 12-50 percent of a magnesium compound selected from 
the group consisting of (1) magnesium carbonate, (2) magnesium oxide, and (3) particulate magnesium 
hydroxide with 90% of the particles of magnesium hydroxide having a maximum dimension no more than 1 
micrometer and the particles of magnesium hydroxide being surface treated to prevent agglomeration. 

The low smoke generating, high char forming compositions preferably contain a coupling agent which, 
quite surprisingly, substantially increases the tensile strength and improves the elongation at break of the 
copolyester compositions. The coupling agents that are used in the copolyester composition are com- 
pounds having a hydrolyzable moiety containing titanium or silicon and also an organophilic group.The 
hydrolyzable moieties are usually aliphatic orthosilicate or orthotitanate groups. 

The compositions of the present invention are readily processible by conventional rubber extrusion 
techniques. The compositions are especially useful for plenum cable jacketing for telecommunication wires 
and optical fibers due principally to the low amount of smoke generated and the high amount of char 
formed when the compositions are burned, the high melt flow indices and the high tensile strength of the 
thermoplastic compositions. 

DETAILED DESCRIPTION OF THE INVENTION 

The novel low smoke generating, high char forming, flame resistant thermoplastic multi-block. 

45 copolyester compositions have incorporated therein effective amounts of a bromine containing organic 
flame retardant; antimony trioxide; a drip suppressant for the multi-block copolyester. e.g.. an organophihc 
clay fumed colloidal silica, or polytetrafluoroethylene. usually having particle sizes less than about 200 
micrometers; about 25-65 parts, preferably 30-60 parts, per hundred parts multi-block copolyester of 
inorganic compounds comprising 50-88 percent, preferably 60-75 percent, alumina trihydrate and 12-50 

so percent, preferably 25-40 percent of a magnesium compound selected from the group consisting of (1) 
magnesium carbonate (2) magnesium oxide, and (3) particulate magnesium hydroxide with 90 percent of 
the particles of magnesium hydroxide having a maximum, dimension no more than 1 micrometer and the 
particles of magnesium hydroxide are surface treated to prevent agglomeration. The incorporation of the 
magnesium compound and alumina trihydrate in the flame resistant, substantially nondripping multi-block 

ss copolyester composition does not substantially interfere with the other properties of the composition and. 
surprisingly, results in a composition that when burned, has a V-0 rating under the UL-94 Vertical Bum 
Test, generates a very low percentage of smoke and a very high percentage of char when compared to 
similar compositions without the magnesium compounds described herein. 
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It has been found that a superior copolyester composition can be made if the composition contains 
inorganic compounds such as alumina trihydrate and a magnesium compouhd selected from magnesium 
carbonate, magnesium hydroxide and magnesium oxide, plus a coupling agent. The addition of a coup .ng 
aaent has the beneficial effect of substantially increasing the tensile strength and improving the elongation 
s at break of the copolyester composition without detracting from the other valuable, properties of low smoke 
generation and high char formation of the polymer composition. The coupling agents used in the present 
invention contain a hydrolyzable moiety containing titanium or silicon and also an organoph.Uc group. 
Usually the hydrolyzable moiety is one or more aliphatic silicate orthoester groups or aliphatic titanate 
orthoester groups, and can be a chelate group. Representative organophilic groups in the coupling agent 
,o include: phosphate esters, pyrophosphate esters, phosphite esters, carboxylic esters, aromatic orthoesters, 
sulfonyl esters, alkyl or substituted alkyl esters, vinyl esters and epoxy esters. Representative coupling 
agents, such as described above, have the following chemical structures. Organotitanate coupling agents of 
the formula (RO) m -Ti(OXR*Y) n where (RO) is a monoalkoxy group or two (RO) groups are a chelate group, 
usually the alkoxy group contains 1-5 carbon atoms. X is sulfonyl. phosphate, pyrophosphate or phosphite; 
,5 P? is an alkylidene group, usually containing 3-20 carbon atoms or an arylene group, usually containing 6- 
12 carbon atoms; Y is hydrogen, an alkyl group, usually containing 1-6 carbon atoms a vinyl group an 
amino group or a mercapto group; m is 1-3 and.n is 1-3. Silane coupling agents of the formula YRS.X, 
where Y is a functional organic group, especially an. amino, a methacryloxy or epoxy group; R is an 
alkylidene group, usually containing 2-4 carbon atoms, and X is a hydrolyzable group, especially alkoxy. 
20 usually containing 1-2 carbon atoms. 

Representative coupling agents having a hydrolyzable moiety containing titan.um > or ^ntaon and an 
organophilic group include titanium IV. bis (dioctyl) pyrophosphato-O. oxyethylaned.olato. adduct) dioctyl 
nydrogen phosphite; tetraisopropyl. di[dioctylphos P hito] titanate; di[dioctylpyrophosph.to] ethylene titana e; 
methacrylic functional amine salt of difdtoctylpyrophosphato] ethylene titanate; -WW • *" 
25 (dioctylphosphato) titanate; isopropyl tri(dioctylpyrophosphato) titanate; titamum d.(d.octylphospha e ox- 
yaceS isopropyl triisostearoyl titanate; titanium dimethacrylate, oxyacetate: isopropyl dnsostearyl- 
methacryl titanate; isopropyl. 4-aminobenzenesulfonyl titanium isostearate. methacrylate oxyacetate; 
isopropyl. tri-cumylphenyl titanate; isopropyl.tri(dioctylpyrophosphato) titanate. Representative s.lane cou- 
p°ng agents include compounds having the formula (RObSi-R.-SOaN, where R is an 
3 o havfng 1-2 carbon atoms, and R, is an alkylidene group.usually having 1-4 carbon atoms. Other representa- 
tive silane coupling agents include 3-aminopropyltriethoxysilane. vinyl triethoxys.lane. 3-methacrylox- 
ypropyl.trimethoxysiiane, beta-cyclohexylethyltrimethoxy silane. ^ hloroisobu * 1 ?^ 
(beta-methoxyethoxy) silane; gamma amino propyltriethoxy silane; gamma-mercaptopropyltr.methoxys.lane 
and gamma chloropropyltrimethoxysilane. , s . h . 

35 The coupling agents used in the present invention are well known in the art and they are also described 
in Modem Plastics Encyclopedia 1984-1985. pages 121. 123 to 125; Ken-React References Manual. Bulletin 
No KR-0278-7 Rev. and U S.Patents 4.083.820. 4.096.110. 4.094,853. and 4.163.004. the d.sclosures of 
which are incorporated herein by reference. 

The amount of coupling agent added to the copolyester elastomer can be from about 0.1 - 5 parts per 
<o 100 pa rt rcopo.yester usuall 0.5 - 3 parts. The coup.ing agents can be added to the copolyester 
composition either in solid form or mixed with a carrier such as m.neral oil. . 

The coupling agents can be added to the composition either before or after the .norgamc mate .al. e^g 
alumina trihydrate and magnesium compound, has been added. Preferably they are add ed to the non- 
polymeric ingredients, with vigorous agitation, before the me.t blending step. The rea ction between^ the 
45 coupling agent and the inorganic material and copolyester elastomer occurs when, the composition is at 

elevated temperatures of the order of about 150 - 200' C. 

It is believed that the inorganic portion of the coupling agent reacts with, the hydroxy groups on the 
surface of the particles of the inorganic compound and the organic portion of the coupl.ng agent reacMy 
blends with the copolyester elastomer. The most important effect is that the copolyester c ° m P°^°^ ws 
so a significant and unexpectedly high increase in tensile strength without detnmentally affecting the other 
properties of the flame retardant composition. «,„ aa ,j„„ 
The thermoplastic multi-block copolyesters useful in this invention cons.st essenttally of repeating 
blocks of repeating short chain ester units, as described above, which have high melting po.nts (at least 
150' C) and repeating low melting point blocks (not greater that 100' C) which have a number average 
55 molecular weight of about 400-4000. The low melting point and high melting point blocks are ,o.ned 
togetherby Afunctional radicals which, for example, can be derived by reaction of the high or tow meiung 
point btocks with diols. dicarboxy.ic acids, diepoxides or diisocyanates. The high melting blocks crystal l.ze 
at useful « Ten/ice temperatures to provide physica. crosslinks in the multi-block elastomer wh.le the low 
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melting blocks provide elastomeric characteristics. At processing temperatures, generally of the order of 
150-200' C the high melting point blocks melt and the molten polymer may be processed as a thermoplas- 
tic The melt processing temperature must be below the decomposition temperature of alumina trihydrate; 
otherwise the copolyester will be hydrolyzed. decreasing its molecular weight and therefore its physical 

s properties Preferably each copolyester should have a melting point, as measured by differential scanning 
calorimetry ASTM D-3418 within the range of from about 130-175" C. A copolyester having a melting point 
below about 175*C can be obtained by procedures well known in the art. for example, by regulating the. 
number of short-chain ester units in the copolyester or blend of copolyesters. The fewer the short-chain 
ester units which are the hard segments, the lower the melting point, or a copolyester can be prepared 

,o using a mixture of dicarboxylic acids, e.g.. isophthalic acid and terephthalic acid to lower the meltrng point 
of the copolyester elastomer. 

The ratio of high melting point blocks to low melting point blocks can be between 8:1 and 1.4. 
preferably between 5:1 and 1:2. When a mixture of two or more different copolyesters is used, the weight 
average of their high melting point block:low melting point block ratios is within one of the above ranges. It 

,s is important that the ratio of high melting point blocks to low melting point blocks m the copolyester is 
within the range described to obtain the properties needed for the uses contemplated. For example, if the 
amount of high melting point blocks exceeds the ratio, the resulting composition will not have sufficient 
flexibility to bend without cracking. 

The high melting point blocks which comprise repeating short chain ester units of the formula 

jo 0 O 

0 D 0 I R C • ' 

are derived from one or more low molecular weight diols. HOOOH. having a molecular weight not greater 
than 250 and one or more dicarboxylic acids. HOOCRCOOH. having a molecular weight of not greater than 

25 The term "low molecular weight diols" as used herein should be construed to include equivalent ester- 
forming derivatives, provided, however, that the molecular weight requirement pertains to the diol only and 

not to its derivatives. . , . . 

Aliphatic or cycloaliphatic diols with 2-15 carbon atoms are preferred, such as ethylene, propylene, 
tetramethylene, pentamethylene, 2.2-dimethyltrimethylenei hexamethylene. and decamethylene glycols. 
30 dihydroxy cyclohexane and cyclohexane dimethanol. Unsaturated diols such as butene-2-diol-1 .4 can also 
be used, particularly in minor amounts in admixture with butanediol-1.4. 

The term "dicarboxylic acids" as used herein, includes equivalents of dicarboxylic acids having two 
functional carboxyl groups which perform substantially like dicarboxylic acids in reaction w.th glycols and 
diols in forming copolyester polymers. These equivalents include esters and ester-forming denvattves. such 
as as acid anhydrides. The molecular weight requirement pertains to the acid and not to its equivalent ester or 

ester-forming derivative. . 

Both aliphatic dicarboxylic acids, such as cyclohexane dicarboxylic acid, and aromatic dicarboxylic 
acids can be used, preferably aromatic dicarboxylic acids are employed. Among the aromatic dicarboxylic 
acids for preparing the copolyester polymers, those with 8-16 carbon atoms are preferred, particularly the 
40 phenylene dicarboxylic acids, i.e.. phthalic, terephthalic and isophthalic acids and their dimethyl esters and 

mixtures thereof. - - . . _ . 

The diol and dicarboxylic acid must be chosen to provide a melting point of at least 150 c for a 
polymer having .a number average molecular weight of at least 5000 and being derived exclusively from 
short chain ester units. Preferred high melting point blocks are derived from ethylene glycol or 1,4- 
4s butanediol by reaction with terephthalic .acid^ alone or in admixture with up to about 30% by weight 
isophthalic acid or phthalic acid or mixtures thereof. Polymers based on 1 .4-butanediol are especially 

preferred. . . , 

The low melting point blocks in said multi-block copolyesters can be provided by a variety of 
compounds having number average molecular weights of 400-4000 which contain hydroxyl groups or 
so carboxyl groups or mixtures thereof. Suitable compounds for forming low melting blocks include poly- 
(alkylene oxide) glycols, polyoxyalkylene diimide diacids, low melting polyester glycols and hydrocarbon 
glycols or diacids. 

Representative poly(alkylene oxide) glycols that can be used to make the multi-block copolyester nave 
a carbon-to-oxygen atomic ratio of about 2.0-4.3 and have a number av rage molecular weight of about 
ss 400-4000 and include polyethylene oxide) glycol. poly(l.2- and 1 .3-propylene oxide) glycol, poly- 
(tetramethylene oxide) glycol, random or block copolymers of ethylene oxide and 1.2 -propylene oxide, and 
random or block copolymers of tetrahydrofuran with minor amounts of a second monomer such as ethylene 
oxide. Preferred poly(alkylene oxide) glycols include poly(tetramethylene oxide) glycol hav.ng a number 
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, , an M of Rno-1600 esDecially 800-1200, and ethylene oxide-capped polypropylene 
35% by weight. hpr^in are hiah molecular weight diimide diacids 

;o formula: 

O O 

c 

,5 R'OOC - R\ ^N-G-N^ ^R-COOR' 

C C 

o o 

20 

a carbon-to-oxygen atom.c rafco of from about 1.8 to about me p y 4556 705 ^ 4 .556,688. 

» reaTn £££ Tow Scular weigh, M (i.e. lees man abou, m M an M**"*"^*^ 

Re^seLve to. mel«n 9 polyeeter gl yco IS „ obtained by reac on , of ** aud, as emylene glyco £ 

■ SSI Use 
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pending on temperature, cat*.- glycol _d ~r^frL"~Ss 

, coaster b» distiliaaon of the excess 0, short-chain The second process- stage ,s k no„n 

.™IffIllII 

Sates such as tetrabuty. titanate used atone or in 

preferred. The catalyst should be present in an amount of about 0.005 to 2.0 percent oy we.g 

« ^BatehTcontinuous methods can be used for any stage of polymer preparation. Polycondensation of 
5 prepZer cant,so be accomp.ished in the solid phase by heating divided solid prepolymer ,n a vacuum 

nr in a stream of inert gas to remove liberated low molecular weight diol. 

SeveXocedures have been used to prepare, multi-block copolyesters wherein the tow me.tmg point 

hi JL are oolveste rTas well as the high melting point blocks. One procedure .nvolves carrying out a 

causes me »'^uuu.u *hA rataivst is deactivated to prevent further interchange 

tone'nvoives rTacfing a preformed high melting point block terminated with hydroxyl groups w.th epsrton- 
tone involves reacting <x v -JLu.* . Ilf . h as dibutvl tin dilaurate. The caprolactone polymenzes on 

incoroorated in the copolyester in amounts of about 5-45 parts per hundred parts of multi-block "P^ter. 
SSbSlwoSa^ hundred parts of multi-block copolyester. Any bromine contammg orgamc lame 
P J rdt "whS ha P s a b omine content of at least 50% by weight and that, preferably, exh.b.ts a weight oss 
f „tT Zr v at 200- C as determined by thermogravimetric analysis in a.r at a heating rate of 
" £ cTn insure that the' flame retardant w... be effective in the amounts 

peS fied Z imat the lame retidant wi.. not vo.atJ.ize or degrade during processing. 

Tp^ d " r«n 9 a moles o. tetfab^hthalic anhyd.de «h . mote of 
M siabte solvent such as N.rnethyl-2-pyrrolidone at about 200" C. as descnbed .n U.S. Patent 

»"e^b ly *e dtoide should be in linely divided form, usual,, having partides of less than about .00 
mash or 100 micrometers. »hen added to the copolyester composition. 

1t!e an«mon" tnoxide. optionally conBining email amounts of antimony pentose. ,s .ncorporated ,n me 
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multi-block copolyester in an amount of about 0.20-1.5 parts, preferably about 0.3-0.6 parts, per part of 
bromine containing organic flame retardant. Any of the commercially available sources of antimony trioxide 
can be used in the copolyester composition. It is convenient to use a small particle size, for example, 0.2- 

a25 .n mi oTr et to minimize or eliminate dripping when exposed to a flame, the ™^*™^**< 
compositions contain a drip suppressant. Various drip suppressants can be used .nthis compontan and 
the magnesium compound incorporated in the multi-block copolyester also "^^^ 
copolyester from dripping when burned. Preferably, the drip suppressant is an organoph.Hc clay fumed 
coEal Silica or polyLrafluoroethylene. .n al. cases it is convenient to use a drip suppressant hav in g a 
small oarticle size for example, less than about 500 micrometers. 

When org nop H e clay is used as the drip suppressant, it is present in the copolyester composrtions in 
an amount^ at least about 1. preferably about 2-10 parts, most preferably 3-7 parts, per 100 parts of the 
Z£S£ c££«*. The o?gano P hi«ic day used is the reaction product of at ea^ one quaterna^ 
ammonium salt with a smectite-type clay having an ion exchange capacity of at least 75 meg/100 g of clay. 
;s said quaternary ammonium salts having the formula 
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R4 -M-R2 
L R3 - 
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wherein NT is selected from the group consisting of chloride, bromide, iodide, nitrite. hydroxide acetate 
me n y rsu.fate and mixtures thereof, wherein R, is an alkyl- group having 12 to 22 carbon atoms and 
whtein R Ro and FU are selected from the group consisting of hydrogen, alky, groups contam.ng 1 to 22 
carbon atoms aryl groups and aralkyl groups containing 1-22 carbon atoms in the alkyl chain 

sLSTeXpe clays which are useful in preparing the required organophilic clays include bentonite 
mon— nitt hectorite and saponite clays with bentonite and hectorite days being pre erre* The . c ays 
should have an ion exchange capacity of at least 75 meq/100 g of day and preferably at to* 95 meq/100 
q of clay Useful quaternary ammonium salts for modifying the clay by ion exchange must contain a cation 
hav nq * least oZ long chain aikyl substituent having 12 to 22 carbon atoms. For reasons of economy 
m7«£^MW* usefu. quaternary ammonium salts have one or more alky, groups denvec tan 
hvdrooenated tallow which is principally an octadecyl group. The preferred anion is the chlonde ion. 
^£Z^1!lnw ammo P nium P sa.ts which are useful in preparing the organophilic days that can be 
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used in the present invention include 

methyl benzyl di(hydrogenated tailow) ammonium chloride, 
dimethyl benzyl (hydrogenated tallow) ammonium chloride, 
dimethyl di(hydrogenated tallow) ammonium chloride, 
methyl trKhydrogenated tailow) ammonium chloride, and 
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benzvi trKhydrogenated tallow) ammonium chloride. . ^ » *u i u 

An^^pmSr^d clay is bentonite treated with a mixture of 10-90% by weight dirne hyl benzyl 
(hydrogenated tallow) ammonium chloride and dimethyl difhydrogenated tallow) ammonium chlonde^ 

Te multi-block copolyester composition can contain at least about 2 parts, preferably abou 3-20 parte, 
mJ^r*W*8^ per 100 parts of copolyester. of the drip suppressant fumed collo,dal silica. 
ZwZZ Lppressanrhas a mean particle diameter of less than 500. most preferably less than 100, 



50 



55 



m TlSTuiti-block copolyester composition can contain at least about 0.2 parts, preferably 0.2-2 parts, 
rJ^S^^Z. per 100 parts multi-block copolyester of polytetrafluoroethylene as an effective 
drio suDDressant The polytetrafluoroethylene is usually in the form of a powder. 

reduce smoke generation when the multi-biock copolyester ^^^TS 
is burning and to promote the formation of char, it is necessary to add to mu ti-b1ock 
inorganic compounds alumina trihydrate and certain magnesium compounds in spec J! hM 

been discovered that quite surprisingly, when the multi-block copolyester compos.tion conta.n.ng a 
SlnS^fcTSm! retardant contains 25-65 parts by weight, preferably 30-60 parts by ^ht£ 
100 parts of ft. multi-block copolyester of inorganic compounds of 50-88 percent alumma trihydrate 
preferably 60-75 percent, and 12-50 percent, preferably 25-40 percent of a ™gnes.um compound 
SmpSng magnesium carbonate or magnesium oxide or particulate magnesium 

of the particulate magnesium hydroxide having a maximum dimension of no more than 1 micrometer and 
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the particles of magnesium hydroxide are surface treated to prevent agglomeration, the resultant multi-block 
copolyester composition when burned shows a substantial reduction in the amount of smoke generated and 
the burned copolyester forms an unexpectedly high amount of char. It is believed that the low amount of 
smoke generated and high char formation, both values determined by the Arapahoe Smoke Chamber and 
Char Test, described below, are due primarily to the presence in the multi-block copolyester of the 
magnesium compound and alumina trihydrate. ■ . . ^ 

The surface of the particulate magnesium hydroxide that is incorporated into the composition is treated- 
to prevent, among other things, excessive agglomeration of particles. Excessive agglomeration causes the 
melt index value to decrease and processing becomes impractical. Any conventional material that can be 
coated on the surface of the magnesium hydroxide particles to prevent agglomeration is satisfactory. A 
composition that is both hydrophobic and hydrophilic, such as soaps, fatty acids, and salts of fatty acids, 
are especially effective. The hydrophilic portion of. for example, a fatty acid is attracted to the magnesium 
hydroxide and the hydrophobic portion is directed to the outer surface of the treated particle. Usually and 
conveniently, the particles of magnesium hydroxide are coated with a fatty acid or an inorganic salt of a 
fatty acid, usually having 1 0-20 carbon atoms, especially calcium stearate or calcium oleate. 

The particles of magnesium hydroxide can have various shapes. It has been found that hexagonal 
shaped particles are preferred because these particles show less of a tendency to agglomerate than, for 
example, spherical particles. 

The particles of magnesium oxide are preferably coated with calcium stearate to improve the melt flow 
20 index of the thermoplastic composition and, accordingly, its processibility. 

The alumina trihydrate that is used in the present invention in the amounts disclosed has a small 
particle size, generally the average particle diameter is no greater than about 30 micrometers, usually not 
greater than about 2 micrometers. 

Calcium carbonate can be used to replace up to about 50% of the alumina trihydrate when magnes.um 
as hydroxide is used. In other words, the thermoplastic composition can contain 30-60 parts per hundred parts 
copolyester of inorganic compounds comprising 12-50 percent magnesium hydroxide and the balance 
alumina hydrate and calcium carbonate with the proviso that the amount of calcium carbonate is not greater 
than the amount of alumina trihydrate. The thermoplastic composition preferably contains about 25-44 
percent calcium carbonate based on 30-60 parts per hundred parts multi-block copolyester of total 
inorganic compounds having a valence of 2 or 3, i.e. magnesium hydroxide and alumina trihydrate. and the 
amount of calcium carbonate is not greater than the amount of alumina trihydrate. e.g. 25-44 percent, 
present in the composition. The addition of calcium carbonate together with the magnesium hydroxide is 
beneficial because it aids in high temperature smoke reduction and char formation. 

Not only do compositions of the present invention give V-0 flammability ratings in the UL-94 Vertical 
35 Burn Test of Underwriters Laboratories Inc., and show reduced smoke and increased char in the Arapahoe 
Smoke Chamber and Char Test, but in Steiner Tunnel Tests (UL-910). reported in examples, cables 
jacketed with the magnesium hydroxide containing thermoplastic composition passed all phases of the test. 

Any method which provides uniform mixing of the additives with the multi-block copolyester can be 
used to prepare the compositions of this invention. A preferred procedure involves dry blending all of the 
40 ingredients together followed by melt blending of the dry blend in single or twin screw extruder-mixers or 
internal mixers such as the Farrell Continuous Mixer (FCM) at a temperature above the melting point of the 
copolyester. The compositions can also be made by adding the flame retardant. antimony tnoxide. drip- 
suppressant, e.g.. organophilic clay, alumina trihydrate. magnesium compound, e.g.. particulate magesium 
hydroxide, and optionally calcium carbonate, and a coupling agentto the molten copolyester in a batch 
4s mixer or vessel provided with agitation means. The solid ingredients can be added separately in any order 
or may be dry blended prior to addition to the molten copolyester if desired. 

Another convenient procedure for preparing the compositions of this invention makes use of a 
concentrated masterbatch of flame retardant, antimony trioxide. drip suppressant, alumina trihydrate. 
magnesium compound and coupling agent bound together by a minor amount of multi-block copolyester. 
so Usually the concentrated masterbatch contains 15 to 35 percent by weight of copolyester which serves to 
bind the additive ingredients into pellets. The pellets of concentrated additive ingredients can be dry 
blended with pellets of unaltered copolyester. and the pellet blend can in turn be fed directly to an injection 
molding machine or extruder to form a flame resistant, low smoke generating, high char forming finished 
articles directly. The required concentrates can be prepared by mixing procedures as those described 

55 hereinbefore. . . 

It is usually desirable to stabilize the multi-block copolyester compositions of this invention against heat 
and/or light Antioxidants, such as hindered phenols or aryl amines, are known to be effective for this 
purpose. Mixtures of these antioxidants with esters of thiodipropionic acid, mercaptides. phosphite esters 
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and the like are useful. Stabilization against light can be obtained by compound.ng the copolymer w.th UV- 
rbsorbe s and/or hindered amine photostabilizers. The use of these various agents .n copo.yesters « known 
to Se skid In the art. In addition to these additives, one can add minor amounts of filers and co.orants 
ac desired and processing aids, such as stearic acid. t ' 

Srcompositions of this invention can be readily processed by a variety of techn.ques such as 
injecTon moTding compression molding and extrusion. Extrusion techniques are used for makmg cable 
jackets and optical fibers. 



jo EXAMPLES 

in the following examples, which further illustrate the present invention, parts and percentages are by 

^fSllTAT^Taccor^ to the fo.lowing procedure: To a flask fitted with a distijation 
„ columSf-taln ess tee. stirrer with a padd.e cut to conform with the interna, rad us of the flask and 
posToned about 3mm from the bottom of the flask, the following starting matenals are charged: 
dimethyl terephthalate 40.27 parts 

dimethyl isophthalate 11.7 parts .. Mn . m /UL7 ^ 

poly(tetramethylene oxide) glycol (number average molecular weight 1000) 44.7 parts 

20 1.4-butanediol 30 parts - n ,, nart , 

N N'-hexamethylenebis(3.5-di-tert-butyl-4-hydroxy-hydroc.nnamam.de) 0.1 5 parts 

N.N'-trimethylenebis(3.5-di-tert-butyl-4-hydroxy-hydrocinnamam.de) 0.1 5 parts 

Te^sTaced bath at 160' C. agitated for f,ve minutes and then 0.3 parts of tetrabuty. 

25 JZ^J^uMa, is added. Methanol distil, from the reacti on mi£re a J.«f ' 
slowly ra sed to 250* C over a period of one hour. When the temperature reach* ,250 
araduailv reduced to about 270 Pa within 20 minutes. The polymer.zat.on mass .s ag.tated at 250 C for 55 
80 minute ^ The condensation polymerization is discontinued by releasing the vacuum under n.trogen and 
toZZi**^™*™ product is scraped from the flask in a nitrogen (water and oxygen free 

oo a^LXe and^lowed to cool. The resulting polymer has a melt flow rate of 5 g/10 mm. measured I at 
f^C by ASTM method D1238 condition E and a Shore D hardness value of 40 as meas ured by AS TM 
method 02^40. The weight ratio of high melting point blocks to low melting pant- locks ,s The 
polymer had a melting point of 143* C. After shredding, the polymer .s extruded at 200 C to a 3 4mm 

3S Stran S^ n B wT^r^-y - same procedure described above for the prepare 
of Copolymer A ccept that the fo.lowing ingredients in the amounts g.ven below were used. 
Dimethyl terephthalate 52.5 parts 

Dimethyl isophthalate 22.5 parts ..... nm ica^s 

poly(tetramethyiene oxide) glycol (number average molecular we.ght 1000) 15.9 parts 

40 1,4 butanediol 55 parts r>ic rta rt« 
N N' - hexamethylenebis (3.5-di-tert-but y i-4-hydroxy-hydrocinnamam.de, 0.15 parts 
NN'-trimethylenebis (3,5-di-tert-butyl-4-hydroxy-hydrocinnamam.de) 0.15 parts 

4-5 mm long. 
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55 



Arapahoe Smoke Chamber and Char Test 

Measurement of Smoke and Char Seneratlon by use of the Arapahoe Smoke Chamber. Model 705. 
T^^^^i^n-^SL samp, o. the thermoptas* mu«tock copotyester 

and weighed. The percent smoke and percent char are calculated as follows. 
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15 



20 



25 



30 



% Smoke « x iUU 

total amount burn d 

% Char - char x 100 

-total amount burned 

The following ASTM methods are employed in determining the properties of the polymer compositions 
prepared in the examples which follow. 

Tensile strength and elongation at break. 0-412 
Melt flow rate D1238 (method E) 
Torsional Modulus (Clash-Berg) 01043 

Shore 0 hardness - 02240 . 

The flammability characteristics are determined according to the vertical burning test of the Underwrit- 
ers Laboratories. Inc.. Standard UL 94. 1980. The V-0 classification indicates a higher degree of flame 
retardance than does a V-2 classification. . . 

Organophiiic clay is the reaction product of bentonite with a mixture of 83% by weight of dimethyl di- 
(hydrogenated tallow) ammonium chloride and 17% by weight methyl benzyl di(hydrogenated tallow) 
ammonium chloride. Th* organophiiic clay contains 60% by weight of non-volatiles at about 700 C by 

thermogravimetric analysis. 

Magnesium hydroxide has a hexagonal platelet particle shape where the maximum dimension of the 
particles is 0.8 micrometers and the particles are coated with a calcium salt of a fatty acid. 

Examples 1-2 

Flame resistant compositions having a low percent of smoke generation and a high percent of char 
formation are prepared by dry blending the ingredients listed below in the amounts given in the following 
table in a mixer. The resultant dry blend is then compounded in a Haake Rheocord sigma blade mixer 
heated to about 200' C to obtain a uniform mixture. 

forts Bv Weiah-fc Comparative 
Tnoredient . L— -2— Sxai"Pl? 



35 



40 



Copolyester A 100 100 100 

N,N'-ethylenebis(tetrabromo- 25 25 25 

phthalimide) 

Antimony trioxide (Laurel 12.5 12.5 12,5 

Fireshield\ Ultrafine II) 

Magnesium hydroxide 20 30 0 

45 Organophiiic clay 5 5 5 

(Average Particle Diameter, 
44 micrometers) 

Alumina trihydrate 40 30 20 

(Average Particle Diameter, 
1.1 micromet rs) 

Stearic Acid 1 1 1 

55 Calcium Carbonate — 40 



so 



The resulting composition is granulated and compression molded at 200* C. Test specimens of 

l 
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thermoplastic composition having the following dimens.ons. 127 mm x 117 mm , x 3.2 . tpn . (5 x 1/2 x 
1/8") are prepared by compression molding. Test results at specimen th.ckness.of 3.2 mm for UL-94 
Vertical Burn Test indicate the compositions have a V-0 rating and are drip res.stant during burning after 
eSgnL. The compositions have high tensile strengths, and the melt flow rates show they are readily 
ZZS^ MMonW the specimens show unexpectedly low smoke generation and unexpectedly high 
cremation relative to unmodified comparative flame retardant Copo.yester A that » the same as the 
composition of Example 1 except that it does not contain magnesium hydroxide. 
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75 



20 



25 



Stress/ Strain 



Composition of 
Example 



Melt Flow Rate, 
g/10 min. at 190* C 

Arapahoe Smoke 
Chamber and Char Test 

% Smoke 

% Char 



2.64 



0.99 
60.1 



UL-94 Vertical Burn Test 
3 .2 mm thickness V-0 



Tensile Strength, kPa 9377 9894 



2.5 



1.03 
58.0 



V-O 



Comparative 
Example 



0.44* 



6.7 
25.3 



30- 

*at 230*C 
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Examples 3-8 

The procedure described above in Examples 1 and 2 was repeated using the ingredients identified 
below in the amounts given. 

Pl^« * v Weight 





Copolyester X 


100 


i Art 




100 

A w w 


100 


100 


70 


N , N ' -ethylenebis 
(tetrabromo- 

phthalimide) 


29 




25 


25 






75 


Decabromodiphenyl 

oxide./.. 

Tetradecabromodi- 
phenoxy -benzene 










25 


— 

25 


20 


Antimony trioxide 


12.5 


12.5 


12.5 


12.5 


12.5 


12 • 5 




Organophilic clay 


5 


5 


5 


5 


5 


5 


25 


Magnesium hydroxide 


10 


10 


10 


15 


10 


10 




Alumina trihydrate 


25 


40 


30 


25 


30 


30 




Calcium carbonate 


25 


10 


20 


20 


20 


20 


30 


Stearic acid 


1 


1 


1 


1 


1 


1 
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Test specimens were prepared as in Example 1 at 20CT C and the results are given below. 
Properties 

stress-Strain at 23 »C — 2L_ -5— -S— -2— 
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Tensile Strength , 
kPa 

Melt Plow Rate, 

g/10 Bin. at 190 *C 



10508 9191 9929 8991 7585 7929 
3.3 3.4 3.1 3.5 3.8 4.5 



Arapahoe Smoke 

Chamber and Char Test „ ^ m 

% Smoke 2.1 2.0 2.2 1.7 2.6 2.7 

% Char 54.4 49.6 49.3 52 44.4 48.6 

UL-94 V rtical Bum Test ^ 

3.2 am thickness v-o v-o v-o v-o v-o v-o 

The compositions have a V-O rating and did not drip when burned after either ignition. The composi- 
tions have a high tensile strength, and the melt flow rates indicate they are read.ly process,ble. The 
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specimens show unexpectedly low smoke generation and unexpectedly high char formation. 
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15 



Example 9 

A bundle of 25 pairs of 24 gauge copper wires each insulated with 0.14-0.15 mm of tetr^oroethy.ene- 
hexafluoropropylene copolymer [Du Pont Teflon\ FEP] was extrusion jacketed w.th 0.38 mm of he 
SSSSTrt E«mpta 1 and in another test with 0.5 mm of the same ^^^jf^^ 
were tested in accordance with Underwriters' Laboratory UL-910 "Test Method for Ri. and Smoke 
Characteristics of Electrical and Optical Fiber Cables used in Air-Handling Spaces", usmg the UL Sterner 
Tunnel. The results are given below. 



20 



.sample 



25 



Cable with 0.38 mm 
jacket 

Cable with 0.5 mm 
jacket 

Maximum Values 
For Passing Test 



Maximum Flame 
Propagation . 
Distance 



Fget 

3.0 

3.5 
5.0 



1.524 



optical Density 
££a£ Average 



0.17 

0.20 
0.50 



0.08 

0.0S 
0.15 



The experimental cable sample with the composition of the present invention passed the Steiner Tunnel 
test in all respects and the UL tests for abrasion, cold bend, and the joist pull. 
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Example 10 

in^rAdU.nt farts by weight 

Copolyester A 100 

N,N'ethylenebis(tetrabromo- 25 
phthalimide) 

Antimony trioxide 12.5 

Organophilic Clay 5 

Stearic Acid x 

Calcium Stearate 4 

Magnesium Oxide 20 
(Maglite Y) 

Alumina trihydrate 40 
(Average Particle 
Diameter 1.1 Micrometers) 

Test speciments were prepared as described in Example 1 at 200* C and the results are given below. 
Properties 

Stress/Strain 

at 23'c Example IP 

Tensile Strength, kPa 10.340 

Melt Flow Rate, 

g/10 min. at 190 4-1 

Arapahoe Smoke Chamber 
and Char Test 

% Smoke 2.6 
% Char 43 

UL-94 Vertical Burn Test 

3.2 mm thickness V-O 



45 



50 



The composition had a V-0 rating and was tow smoke generating and showed high char formation. 
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Examples 11-13 



Xnep-adient 



JO 



15 



20 



25 



30 



35 



Copolyester A 

N,N' ethy lenebis (tetrabromo- 
phthalimide) 

Antimony trioxide 

Organophilic Clay 

Stearic Acid 

Calcium Stearate 

Magnesium Stearate 

Basic magnesium carbonate 

Magnesium hydroxide 

Alumina trihydrate 
(Average Particle 
Diameter 1.1 micrometers) 

Test specimens were prepared as described in Example 1 and the results are given below. 
Properties 

Stress/Strain Example Example Example 
at 23»c ii — 12 — 12 



11 


-JL2_> 


Ay 


100 


1 AA 




29 






12.5 


12.5 


17.5 


5 


5 


5 


1 


1 


1 










10 


— . 


20 


10 








20 


40 


40 


40 



40 



45 



50 



Tensile Strength, kPa 8964 10,136 10,618 

Melt Flow Rate 

g/10 min. at 190*C 1.0 6-8. i« 6 

Arapahoe Smoke 

Chamber and Char Test 

% Smoke 2-2 2.6 i.| 

% Char « 3T 47.5 

UL-94 Vertical Burn 

Test, 3.2 mm thickness V-0 



V-0 V-0 



The composition had V-0 ratings, they generated small percentages of smoke but high percentage of 
char when burned. 
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Example 14 



Rame resistant compositions having a low percent of smoke generation and a high percent of char 
formation and high tensile strength are prepared by dry blending the ingredients listed below .n a m.xer ,n 
the amounts given in the following table. The organotitanate coupling agent. 

<OC(O)CH 2 0)TitOP(O) (OH)OP(O) (OC 8 H, 7 klHP(0) (OCHwh and mineral oil were added dropw.se to he 
nonpolymeric ingredients while they were vigorously agitated in a high intensity m.xer. The treated 
ingredients were than dry blended with the copolyester in a Haake Rheocord sigma blade m.xer heated to 
about 190' C to obtain a uniform mixture. The resultant composition was extruded as an 0.46 mm coating 
over a cable bundle, as described in Example 9. The Arapahoe Smoke Chamber and Char Test resulted in 
1 6% smoke and the char was 51%. The product had a V-0 rating in the UL-94 test. The cable jacket was 
removed and tensile tests run at 5.08 cm per minute. The tensile strength was 21.720 kPa and the 
elongation at break was 590%. 



20 



Example 15 

The procedure described above in Example 14 was substantially repeated except that all ingredients 
with the exception of Copolyester A were first dry blended in a glass container and 1 part of the silane 
sulfonyl azide (CH 3 CH 2 0)3Si-R-S0 2 N3. available as Az-Cup N liquid manufactured by Hercules. Inc.. was 
added to the mix while stirring. The mixture was then melt blended, as described in Example 14. with 
Copolyester A and 0.51 mm thick slabs were compression molded. Tensile testing of the die-cut samples 
gave a tensile strength value of 11.240 kPa at break. 

Example 16 

The procedure described above in Example 14 was substantially repeated except that 0.5 parts of liquid 
3-aminopropyltriethoxysilane was added in place of the organotitanate coupling agent. The tensile strength 
30 at break was found to be 1 1 .350 kPa and the melt flow was 3.3 g/10 minutes. 
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20 



25 



30 



Tnaredient 1£ 15. li 

CopolyesterA 100 100 100 



N,N'-ethylenebis (tetrabromo 
phthalimide) 

Antimony oxide 

Magnesium hydroxide 

Organophilic clay 

Alumina trihydrate 



25 25 25 

12. S 12.5 12.5 

20 20 20 

5 5 5 

40 40 40 



Stearic acid 1 11 

Coupling agent Organoti- Azido- Si- 

tanate silane lane 



Quantity of coupling Agent 



1.0 1.0 0.5 



35 



40 



Tensile strength, kPa. 21,720 11,240 11,350 

The compositions not only were low smoke generating and showed high char formation but had unusually 

high tensile strength values. 

Examples 17-18 

Flame and smoke,retarded compositions having Jow. smoke high char formation with ^ 
were prepared by blending the ingredients listed/below in a mixer heated to about 170 C to obtain a 

uniform mixture. 
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I ngredient 12 IS, 



50 0 
50 100 



Copolyester A 
Copolyester B 
N,N'- thyl nebis (tetrabromo 30 30 

phthalimide) 

Antimony trioxide 10 10 

Magnesium hydroxide 18 18 

Alumina trihydrate 36 36 

Organophilic .clay 5 5 

Stearic acid 1 1 

Mineral oil 2 2 

Coupling agent (titanium 

di (dioctylpyrophosphate) 1 1 

oxyacetate 
Melt flow rate, ASTM D1238 

■ethod E, g/10 ain -5 .5 

Tensile strength, kPa 17,269 21,328 

Elongation to break, % 415 305 

Arapahoe Smoke Chamber 

and Char test 

% Smoke 4.9 7.0 

* Char 13.3 21.0 

% burned (amount burned/ 3.18 2.83 

initial wt) 
UL-94 Vertical Bum Test 

1.6 mm thickness V-O V-O 



The Arapahoe Smoke Chamber and Char Test results for Examples 17 and 18 should not be compared 
directly with the results in the previous Examples. Because part or all of Copolyester A was replaced with 
Copolyester B, the % smoke data are with resulting higher aromatic content and lower ether content, the % 
smoke data are higher and the % char data are lower. On the other hand, a much smaller portion of the 
sample was burned in the Arapahoe test, and this is desirable performance. Also, the tensile strength was 
high in Examples 17 and 18. 



Example 19 

A coaxial cable with a single 22 gage (0.635 mm) copper conductor insulated with foamed Teflom 
(tetrafluoroethylene/hexafluoropropylene copolymer with 16 weight % HFP) 1.52 mm thick and shielded with 
bare copper (11.5 ohms/kilometer) braid. 95% shield coverage was extrusion jacketed with 0.51 mm of the 
composition of Example 17. The jacketed cable was tested as in Example 9 and the results were: 

Maximum flame propagation distance = 3 feet = 0.91 meters 

Peak optical density = 0.28 

Average optical density = 0.06 
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Claims 

1. A low smoke generating, high char forming, substantially nondripping. flame resistant thermopile 
copolyester composition which comprises fnrminn molecular weight consisting essentially 

-O-O-O- ci -R- C - r(amnv/a i 0 f hvdroxvl qroups from a low molecular weight 

wherein D is a divalent radical remaining after *»™™* * JE^^Ical remaining after the removal 
diol having a molecular weight not greater than 250 and R is a divalen : radical e g 
of carboxy. groups from a dicarboxy.ic acid having *"^ d T^^X l a number average 
selected so that a polymer consisting assent, ally erf short ch n ° s * r u "^l J , ow melting point 
molecular weight of at least 5000 has a melting po rt ^ °* '^tf arSuos or carboxy) groups or mixtures 
blocks which are derived from compounds ^^S. jT2Soo?S • JStlno poSrt n5t grMtar tt»n 
thereof and having a number average molecular we gh ^JV^^'J^u^ (A ) and (B) to 
about 100* C. and (C) an amount of difunctiona. radicals suffic^nt to p, ^ repealing ^ mu|M|ock 
form a multi-block copolyester, the weight ratio of (A) to (B) be.ng from about 

"^^^^^T^^ -polyester of a bromine containing organic 
^TZr^^^^^^ «** retardant of ar.mony 



trioxide. 



(d) a drip suppressant for the multi-block cop0 , ye ster of inorganic compounds 

^TaTS^ 

5. A neoplastic composition of Claim . wnorem tne ™9^'" m com ^' S ^ dum stearate . 
as 6. A neoplastic composition of Cairn 1 «he«,n ma 9 nesll ™~ ft ,' ™ , ^ nd(e0 pans multi- 
7. A thermoplastic composition c. Tma mSn ^compound, mansion, 

percent alumina trihydrate and 25-44 percent calcium carbonate. CO p 0 |yester of a 

10. A thermoplastic composition of Claim 9 wherein we nyaroiy^a 
45 or orthotitanate groups. , on o a tinn hioh meltinq point blocks are derived 

so from poly(alkylene oxide) glycols having a carbon to oxygen atomic rafo of about i» 

average molecular weight of about 400-4000. poly( aikylene oxide) glycol is poly- 

13. A thermoplastic compos.tion of Claim 1 wherein tne poyv » 

(tetramethylene oxide) glyco. having a number average T ^^e^S^iycol is ethylene-oxide 

14. A thermoplastic composition of Claim 13 wherem ^^^^ of 150 0-2800 and an 
SS capped polypropylene oxide) glycol having a number average molecular we.ght 

^T:^^^^^ < serein the repeating ,w meiting point blocks are denved 
from polyester glycols. 
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16 A thermoplastic composition of Claim 1 wherein the bromine-containing flame retardant is 

^1^^^ of Cairn 1 wherein the drip suppressant is an organic Cay which 
• J JErSS of at least one quaternary ammonium salt with a smectite-type clay havng an .on 
iS^^lC^ » of cJy. said quaternary ammonium salts having the formula 



10 
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30 



Ri"~ 

R 4 -N-R2 
R3-J 



+ 
M" 



wherein M~ is" selected from the group consisting of chloride bromide, iodide, ritrt* 
methyl sulfate and mixtures thereof, wherein R, is an alkyl group hav.ng 1 2 to 22 carbon atorns and 
Therein R Ra and R*. are selected from the group consisting of hydrogen, alky, groups contammg 1 to 22 
^boTatoms a^l groups and aralky. groups containing 1 to 22 carbon atoms in the alky. cha.n. 

18 A rermoplastic composition of Claim 1 wherein the organophi.ic day ,s the react.on product of 
bentonite day wim a mixture of 10-90% by weight dimethyl benzy. (hydrogenated tallow, ammon.um 
chloride and 10-90% by weight dimethyl di(hydrogenated tallow) ammonium chlor.de. a „ onHflllu of 

9 A thermoplastic composition of Claim 1 wherein the multi-block copolyester consists essentmlly of 
hiqh Llting poinf blocks derived from 1 .4-butanediol and a mixture of terephthalic acid and ..opMhabc ac,d 
ofesTer thereof and low melting point blocks derived from po.y(tetramethylene ox,de) glycol havmg a 
ISTJ^g. molecular weight of about 800-1200. the weight ratio of high me ftng * °" 

meTting point blocks being from 5:1 to 1:2. about 5-35 parts of N .^ethy.eneb : s(tetrabromophtha«.m-de . and 
about 0 3-0 6 parts per part of said bromine-containing flame retardant of anttmony tr.ox.de and about 2-10 
farts per 100 parts of said multi-block copolyester of an organophilic clay which is the jetton product of 
CIZ a mixture of 1040% by weight dimethyl ben Z y.(hydrogenated 

wJigtt dimethyl di(hydrogenated tallow) ammonium chloride or 3-20 parts per 100 parts of sa.d mulf-block 
coDolvester of fumed colloidal silica. 

20 A thermoplastic composition of Claim 1 wherein the drip suppressant is fumed collo.da s.hca. 

21. A thermoplastic composition of Claim 1 wherein the drip suppressant is organophilic clay in an 
amount of at least about 1 part per 100 parts multi-block copolyester. 

22 A thermoplastic composition of Claim 1 wherein the melting point of the multi-block copolyester ,s 

fr °%rA 1 thermoplastic compositon of Claim 1 wherein the weight ratio of (A) to (B) is from about 5:1 to 1:2. 

24. A fiber optic cable jacketed with the composition of Claim 1. 

25. A bundle of conductive wires jacketed with the composition of Claim 1 . 

26. A bundle of conductive wires jacketed with the composition of Claim 9. 
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